Aspects of energy-linked calcium accumulation by rat heart mitochondria.
When intact rat heart mitochondria were pulsed with 150 nmol of CaCl2/mg of mitochondrial protein, only a marginal stimulation of the rate of oxygen consumption was observed. This result was obtained with mitochondria isolated in either the presence or absence of nagarse. In contrast, rat liver mitochondria under similar conditions demonstrated a rapid, reversible burst of respiration associated with energy-linked calcium accumulation. Direct analysis of calcium retention using 45Ca and Millipore filtration indicated that calcium was accumulated by heart mitochondria under the above conditions via a unique energy-dependent process. The rate of translocation by heart mitochondria was less than that of liver mitochondria; likewise the release of bound calcium back into the medium was also retarded. These results suggest that the slower accumulation and release of calcium is characteristic of heart mitochondria. The amound of calcium bound was independent of penetrant anions at low calcium concentrations. Above 100 nmol/mg of mitochondrial protein, the total calcium bound was increased by the presence of inorganic phosphate. Under nonrespiring conditions, a biphasic Scatchard plot indicative of binding sites with different affinities for Ca2+ was observed. The extrapolated constants are 7.5 nmol/mg bound with an apparent half-saturation value of 75 muM and 42.5 nmol/mg bound with half-saturation at 1.15 mM. The response of the reduced State 4 cytochrome b to pulsed additions of Ca2+ was used to calculate an energy-dependent half-saturation constant of 40 muM. When the concentration of free calcium was stabilized at low levels with Ca2+-EGTA buffers, the spectrophotometrically determined binding constant decreased two orders of magnitude to an apparent affinity of 4.16 X 10(-7) M. Primary of calcium transport over oxidative phosphorylation was not observed with heart mitochondria. The phosphorylation of ADP competed with Ca2+ accumulation, depressed the rates of cation transport, and altered the profile of respiration-linked H+ movements. Consistent with these result was the observation that with liver mitochondrial the magnitude of the cytochrome b oxidation-reduction shift was greater for Ca2+ than for ADP, whereas calcium responses never surpassed the ADP response in heart mitochondria. Furthermore, Mg2+ ingibited calcium accumulation by heart mitochondria while having only a slight effect upon calcium transport in liver mitochondria. The unique energetics of heart mitochondrial calcium transport are discussed relative to the regulated flux of cations during the cardiac excitation-relaxation cycle.